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Abstract 
Hotspot is one of forest and land fires indicator that is used for developing fire early warning system. This study aimed to 
determine the areas that have high densityof hotspot in the peat land area of Sumatra. The method applied was Density-Based 
Spatial Clustering Algorithm with Noise (DBSCAN) to form hotspot clusters in Sumatra in the years of 2002 and 2013. This 
study found that there were changes in the pattern of distribution of hotspot in peat land from 2002 to 2013, where in 2002 were 
mostly found in moderate depth peat land, whereas in 2013, mostly found in very deep peat land area. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The land and forest fire in Indonesia are serious problems and have been seen as the regional and global disaster. 
The hotspot can be used as the indicator of land and forest fires and it as been widely used to develop the early 
warning system for the purpose of preventing, controlling and monitoring of forest damaging and forest fires in areas 
that have high fire risk such as peat land [1]. In the terminology, the hotspot is an area of pixels that have higher 
temperature than surrounding areas captured by satellite sensor digital data [2]. This data could be obtained by 
monitoring hotspot with the help of satellite imagery, computer technology and geographical information system 
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software. Prediction of forest fires can be made based on the pattern of hotspots spread, the change of hotpots 
coordinate and the time period of hotspot occurrence. 
Data mining is suitable to be applied in the distribution analysis process of the large hotspots data. One 
application of the data mining method for analysing spatial data is clustering. Clustering is the grouping process of 
objects into classes so that objects within a cluster have high similarity and the objects are not similar to the objects 
of other clusters. Clustering can be applied to a group that has similar spatial objects, with the implicit assumption 
that the patterns tend to be grouped in space compared to random patterns. The clustering process makes different 
partition on the data, depending on the specific criteria that used for clustering [3]. 
Density-Based Spatial Clustering Algorithm with Noise (DBSCAN) is a clustering algorithm that is based on data 
density. For example, if the amount of data within an epsilon radius is more than or equal to the MinPts (the 
minimum amount of data within a radius Eps) then the data is included in the category of desired density, where the 
amount of data within the radius including the data itself. These algorithms perform well on the high density of data 
and it can find well for any form of groups, so it can separate between the high data density and the low data density 
of points as well as resistant to noise [4]. 
This study applied clustering techniques to group the hotspot data of forest and peat land in Sumatra in the year of 
2002 and 2013. Clustering will result potential regional grouping against fire. The analysis of the clustering results is 
done based on the physical characteristics of the peat land. The purpose of this study is to form hotspot clusters using 
the DBSCAN algorithm and analysis of clustering results is based on the physical characteristics of peat land on the 
island of Sumatra. 
2. Materials and Methods 
The research used the hotspot data of forest and land fire in 2002 and 2013 from Ministry of Forestry Republic of 
Indonesia, and the distribution of peat land data in Sumatera from Wetlands International program Indonesia. Data 
for 2002 was chosen for this study because in this year the fire events were relatively higher and dominated by peat 
land fires. We compared it with 2013 the data to determine the change in the pattern of distribution of hot spots and 
land cover of peat lands in 2002 and 2013. All data used spatial reference system of WGS84. The determined and 
analysed attributes data on the distribution of peat land in Sumatera are the types, depth and land cover of the peat 
land. 
The research was executed in some steps. First step was conducting hotspot and peat land data pre-process. It 
consists of data selection to get the proper attribute, and also data clearing to omit the unneeded field/record and 
empty attribute. Location attributes (longitude and latitude) and the emergence dates of the hotspot are the attribute 
used on the research. Longitude and latitude are needed to find out the hotspot of certain area. While, the emergence 
date of the hotspot is needed for observation when analysing data by spatio-temporal based. Peat land pre-processing 
data consists of determining attribute, database management, and processing spatial data. The determined and 
analysed attributes of the distribution in Sumatera are types, density, and land cover of the peat land. Spatial data 
processing used some functions, such as clip to cut spatial elements (input) overlayed with others. Another function 
used is merge to unite separated layers based on province into a perfect layer of Sumatera. Another process is map 
forecast to define the new coordinate system of the distribution of the peat land in Sumatera. It was done because the 
metadata of the dataframe which gives information about spatial elements coordinates is unavailable. 
The next step is clustering the hotspot using DBSCAN algorithm. On this step the Eps and MinPts scores 
determined. It is used as the spot of a cluster, so Eps-neighborhood has the same distance and the noise spot has the 
farthest distance of the Eps-neighborhood. So, the distances are plotted in every spot of Eps-neighborhood. 
Determining  Eps and MinPts were done by using k-dist observation approach. Idea is that for points in a cluster, 
their k-dist nearest neighbours are at roughly the same distance. Noise points have the k-dist nearest neighbor at 
farther distance. So, plot sorted distance of every point to its k-dist nearest neighbour. When the Eps and MinPts 
score determined appropriately, then the next procedures are: 1) Clustering the rest spots by connecting all cores 
which has distance less than Eps among one to another. 2) Making groups from the connected cores become 
separated clustering, and 3) Determining every single border spot to the nearest clustering of the group [5]. 
When the cluster formed, the next step is evaluating the clustering result. It is important to have this step because 
almost all clustering processes are unsupervised. Evaluating step of clustering on the research used Sum Square 
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Error (SSE) method. It is done to get the amount of cluster which minimizethe total of square error [6]. The last step 
of the research is to analyse clusters based on physical characteristics of the peat land to get information about 
hotspot in the peat land area. 
Softwares used on the research are: 
x Operating system Windows 7 Professional,  
x Weka 3.6 for data pre-processing, 
x Quantum GIS 2.0.1 Dufour for spatial data processing, 
x PostgreSQL 9.1 as a database server with PostGIS extension to manage spatial data, 
R for clustering data and validating the cluster results. 
3. Results 
Based on the spatial query process using PostgreSQL and PostGIS of the hotspot distribution and peat land data, 
it was known that there are 13253 hotspot distributed in peat land in Sumatera in 2002 and 3335 hotspot in peat land 
in Sumatera in 2013. The peat land types is grouped based on the ripeness Fibrists (immoldy), Hemists (half-moldy), 
Saprists (moldied) and the mix of the three. Based on the depth of peatland, it is grouped in: Very shallow (D0) 
(<50cm): types Hemists/Saprists, Hemists/mineral and Saprists/Hemists, 2) Shallow (D1) (50-100cm): types 
Fibrists/Saprists, Hemists/Saprists, Hemists/mineral, Saprists/Hemists dan Saprists/mineral, 3) moderate depth (D2) 
(100-200cm): types Hemists/Saprists, Hemists/mineral, Saprists, Saprists/Hemists and Saprists/mineral, 4) Deep 
Peat (D3) (200-400cm): types Hemists/Saprists, Saprists dan Saprists/Hemists, 5) Very deep peat (D4) (400-800cm): 
types Hemists/Saprists dan Saprists/Hemists [7]. Table 1 and figure 1 show the hotspot distribution based on the 
types and the depth of peat land in Sumatera in 2002 and 2013. 
The type of peat land on table 1 describes about the types and the depth of peat land. For example, 
“Hemists/Saprists (60/40), shallow” describe that Hemists/Saprists is type of peat land. The score (60/40) shows that 
the area has 60% Hemists and 40% Saprists. Shallow means the depth is between 50-100cm. Based figure 1, the 
hotspot distributions in Sumatera in 2002 were dominated by the moderate depth of peat land (D2). Moderate depth 
of peat type is dominated by the types Hemists/mineral, and associated to the peat mineralized land, namely the 
mineralized land that consists of thin peat (<50cm) at the surface. While, very deep peat land (D4) becomes the 
highest hotspot distribution in Sumatera in 2013. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. (a) Hotspot distribution in peat land depth in Sumatera in 2002; (b) Hotspot distribution in peat land depth in Sumatera in 2013 
 
There were 25 types of land cover detected in peat land in Sumatera. In 2002, there were 18 types of land cover of 
peat land, and 19 types in 2013. Figure 2 shows hotspot distribution in peat land in Sumatera in 2002 and 2013. Most 
of them were in peat swamp forest. 
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Table 1. Hotspot distribution based on the types of peat land in Sumatera in 2002 
Types of peat land Hotspot detection in 2002 Hotspot detection in 2013 
Hemists/Saprists (60/40),shallow 5 4 
Hemists/min (30/70), shallow 139 63 
Hemists/min (50/50), shallow 7 0 
Hemists/min (90/10), shallow 16 1 
Saprists/min (50/50), shallow 3 40 
Fibrists/Saprists (60/40), moderate 5 2 
Hemists(100), moderate 293 6 
Hemists/Saprists (60/40), moderate 2336 511 
Hemists/min (30/70), moderate 395 27 
Hemists/min (70/30), moderate 195 6 
Hemists/min (90/10), moderate 3489 45 
Saprists(100), moderate 249 15 
Saprists(100), deep 0 18 
Saprists/Hemists (60/40), moderate 505 129 
Saprists/min (30/70), moderate 0 0 
Saprists/min (50/50), moderate 197 97 
Saprists/min (90/10), moderate 239 120 
Hemist(100), deep 0 1 
Hemists/Saprists (60/40), deep 1047 321 
Saprists(100), deep 73 18 
Saprists/Hemists (60/40), deep 881 271 
Saprists/min (30/70), deep 0 1 
Saprists/min (50/50), deep 5 0 
Hemists/Saprists (60/40), very deep 2036 1266 
Hemists/min (90/10), very deep 28 8 
Saprists/Hemists (60/40), very deep 794 403 
Total hotspot detection 12937 3355 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. (a) The number of hotspot in land cover of peat land in Sumatera in 2002; (b) Number of hotspot in land cover of peat land in Sumatera in 
2013 
a  b  
136   Muhammad Usman et al. /  Procedia Environmental Sciences  24 ( 2015 )  132 – 140 
3.1. The Formation of Cluster Data of Hotspot Distribution in 2002 
The cluster formation on the research is using the DBSCAN algorithm. The first step is to determine the score of 
Eps and MinPts that will be used as the spot of a cluster, so Eps-neighbourhood has the same distance and the noise 
spot has the farthest distance of the Eps-neighbourhood. So, the distances are plotted in every spot of Eps-
neighbourhood. Eps is the maximum radius of neighbourhood and MinPts is the minimum spot of the 
neighbourhood. Based on the observation, the small cluster score and noise spot is Eps = 0.1 and MinPts = 6, where 
there are 53 clusters. On the observation, the Eps score is between 0.01 up to 0.06 and MinPts between 1 up to 6. It 
is because both of the total cluster and noise spot gained, and the cluster evaluation result based on Sum Square 
Error are small and stabilized. The observation is done by plotting in various score Eps 0.01 up to 0.06 and MinPts 
from 1 up to 6, but the number of cluster is more and the amount of fewer cluster there are many noise spots. Total 
hotspot in every cluster is 53. The highest density occurs in cluster 6 and 24. The score of hotspot density at cluster 6 
is 0.226 km2 and cluster 24 is 0.201 km2. Several regencies in province Riau are in cluster 6 and South Sumatera is 
in cluster 24. 
The hotspot distribution at cluster 6 is dominated by peat land “Hemists/Saprists (60/40), very deep” as many as 
1509 and “Hemists/Saprists (60/40), moderate depth” as many as 1335 spots. “Hemists/Saprists (60/40), very deep” 
most of them were spreading in Bengkalis, Pelalawan dan Siak, while peatland type “Hemists/Saprists (60/40), 
moderate depth” are spreading in Bengkalis, Rokan Hilir and Siak. Hotspot distribution at cluster 24 is dominated by 
types “Hemists/mineral (90/10), moderate depth” whereas 3410 hotspot that spreading in Ogan Komering Hilir, 
Banyu Asin and Tulang Bawang. Based on the decomposition of peat land types which is detected at cluster 6 and 
24, it is known that peat land in hemik are more dominant than saprik. Figure 3 shows the distribution hotspot based 
on the peat land cluster 6 and 24.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. (a) Hotspot distribution based on the types of peat land in cluster 6; (b) Hotspot distribution based on the types of peat land in cluster 24 
 
Hotspot distribution at cluster 6 occurs in moderate peat land (D2) (100-200cm), deep (D3) (200-400cm) and 
very deep (D4) (>400cm). Meanwhile, at cluster 24 is dominated in moderate depth area (D2) (100-200cm). Figure 4 
and 5 shows the distribution and total hotspot based on the depth peat land at cluster 6 and 24. The number of the 
hotspot found in moderate depth (D2) (100-200cm) at cluster 24 and 6, and the hemic type of peat land indicates the 
necessity of special attention because it is located, commonly, in the boundaries of peat dome and next to the 
residencies. It causes the land damage as the effect of the new farm. The examples of the damages are burning the 
land in preparation process and over-drying process of peat land [1]. The peat dome is the deepest part of peat land 
that has the highest hydrology function. If the type of hemic dominates the boundaries of peat dome, then the threat 
becomes bigger. Moreover, it becomes worse when there is a drainage system. It will make the excretion in the peat 
dome. If it happens, then the peat will be leaky and its hydrology function is broken [1].  
The moderate depth peat land in Province Riau (including cluster 6) in 2002, was only 952.057 ha (23.5%). It’s 
quite different in 1990 that has 1.324.246 ha (32.8%). Meanwhile, In South Sumatera (including cluster 24) in 2002 
was only 982.023 ha (66.2%) if compared in 1990 that has 1.363.556 (91.9%) [7]. The decrease needs special 
a) b) 
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attention because when the moderate depth peat land is reduced the society would move to the deep and very-deep 
peat land. 
 
                                                               
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. (a) Hotspot distribution based on the depth at cluster 6; (b) Hotspot distribution based on the depth at cluster 24. 
 
 
 
 
 
 
 
 
 
 
 
Fig 5. The number of hotspot based on the depth of peat land cluster 6 and 24 
 
The hotspot at cluster 6 and 24 are dominated by land cover swamp forest. Figure 6 and 7 shows the distribution 
and total hotspot at cluster 6 and 24. The hotspot distribution dominated at cluster 6 and 24 makes the land cover 
swamp forest become a tropical forest ecosystem that burnt easily. Peat swamp forest is a brittle ecosystem because 
it has high level of organic elements. Those organic elements can be burnt easily when it is dry enough. As carbon 
sinks, wild animal habitat, potential organism plasma, and the supply of fishes the burning prevention should be 
done in integrated way. 
 
                                                                    
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) Hotspot distribution based on the land cover of peat land in cluster 6; (b) Hotspot distribution based on the land cover of peat land in 
cluster 24 
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Fig. 7. The number of hotspot based on the land cover of peat land cluster 6 and 24 
3.2. The Formation of Cluster Data of Hotspot Distribution in 2013  
In the data distribution of hotspot of forest fires in 2013 there were 20440 data scattered hotspot in Indonesia. 
From these data, it is known that there were 3335 hotspot in peat land in Sumatera. The observations were done by 
plotting in various score that similar with formation of cluster data of hotspot distribution in 2002. Based on the 
observation, the small cluster score and noise spot is Eps = 0.1 and MinPts = 1, where there are 109 clusters and the 
highest density occurs in cluster 42. The score of hotspot density at cluster 42 is 0.056 km2. Several regencies in 
province Riau are in cluster 42. The hotspot distribution at cluster 42 is dominated by peat land types 
“Hemists/Saprists (60/40), very deep” that spreading in Rokan Hilir, Bengkalis, Dumai and Siak. Based on the 
decomposition of peat land types which is detected at cluster 42, it is known that peat land in hemic are more 
dominant than sapric. Figure 8 and 9 shows the distribution and total hotspot based on the peat land types in cluster 
42. Hotspot distribution at cluster 42 mostly found in areas with very deep peat land (D4) (>400cm). Land covers of 
peat land are dominated by peat swamp forest. Figure 10 shows the distribution and total hotspot based on the land 
cover of peat land in cluster 42. 
 
                                                                                  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. (a) Hotspot distribution based on the types of peat land in cluster 42; (b) Number of hotspot based on the peat land types in cluster 42 
 
Almost 90% of hotspots in the cluster 42 are in the area of land cover peat swamp forest. Swamp forest area is an 
area that is prone to wildfires, especially in times of dry season. The damage caused by forest fires in peat swamp 
forest will occur relatively quickly with serious negative impacts. If the peat swamp forests damaged by over-
139 Muhammad Usman et al. /  Procedia Environmental Sciences  24 ( 2015 )  132 – 140 
exploitation, the remaining trees will be very easy to collapse and die over time so that this condition becomes extra 
fuel in case of catastrophic forest fires. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. (a) Hotspot distribution based on the peat land depth in cluster 42; (b) Number of hotspot based on the peat land depth in cluster 42 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. (a) Hotspot distribution based on the land cover of peat land in cluster 42; (b) The number of hotspot based on the land cover of peat land 
in cluster 42 
 
It seems that there were changes in the pattern of distribution of hotspot and land cover of peat land from 2002 to 
2013, where in 2002 the distribution of hotspot were mostly found in moderate depth (100-200 cm) peat land, 
whereas in 2013, the distribution of hotspot were mostly found in very deep (> 400 cm) peat land area. It indicated 
the necessity of special attention because peat lands area in the deep peat (200-400 cm), and very deep peat (> 400 
cm) should not be opened for the development of agriculture as provided for in Keppres No. 32 In 1990. Due to 
these problems, it is heavy to manage and maintain land productivity. In manual drafting of the National Spatial 
(RTRWN) that analogous with UU No. 21 in 1992 about land use plan (UUTR), peaty soil area with a depth of 3 
meter or more, which are located in the river upstream and swamp defined as protected area regions, as the area of 
peat [7]. Protection against peat areas is done to control the hydrologic region, serves as a water binding and flood 
control, as well as protecting the unique ecosystem in the area concerned [8]. 
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4. Conclusion 
Experiments of clustering on the dataset hotspot in 2002 resulted in 53 clusters hotspots around 12.937 points 
grouping hotspots and clustering on the dataset hotspot in 2013 resulted in 108 clusters hotspot around 3335 
hotspots detected in peat land areas. The study revealed that in 2002, the highest density of hotspot found in Riau 
province with the density value of 0.226 km2 and South Sumatra province with the density value of 0.201 km2. 
Distribution of hotspot in Riau province were mostly found in the area that has peat types of Hemists/Saprists 
(60/40) with very deep peat, and Hemists/Saprists (60/40) with moderate depth and spread evenly on the area with a 
moderate depth (100-200 cm), in the deep peat (200-400 cm), and very deep peat (> 400 cm) consecutively. Hotspot 
distribution in South Sumatera province were mostly found in peat land area that has peat types of Hemists/mineral 
(90/10) and mostly found in areas with moderate depth (100-200 cm). Land covers of peat land in both regions are 
dominated by peat swamp forest. In the year of 2013, the highest density of hotspots on peat land area of Sumatra 
was found in Riau province with the density value of 0.056 km2, where most of the hotspot was on peat types of 
Hemists/Saprists (60/40), and very deep peat land. Land covers of peat land are dominated by peat swamp forest. It 
seems that there were changes in the pattern of distribution of hotspot and land cover of peat land from 2002 to 2013, 
where in 2002 the distribution of hotspot are mostly found in moderate depth (100-200 cm) peat land, whereas in 
2013 , the distribution of hotspot were mostly found in very deep (> 400 cm) peat land area. 
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